To describe the smoking habits of the mothers participating in the INMA (INfancia y Medio Ambiente or Childhood and the Environment) cohort of Valencia and to determine which occupational factors are associated with smoking cessation during pregnancy. Cohort study comprising 855 pregnant women from Health Service Areas 6 and 7 was set up in the Autonomous Region of Valencia, Spain. Data on smoking and smoking cessation during pregnancy, and on sociodemographic and work related variables were collected through structured questionnaires at the first and third trimester of pregnancy. Multivariate logistic regression models were constructed to assess factors related to smoking at the beginning of the pregnancy and to continued smoking. 787 women followed in the project and completed all the data. Among them 40.9% smoked at the beginning of pregnancy and 56.2% continued until gestational week 32. Time and effort spent on housework was associated with smoking at the beginning of pregnancy while stress in the workplace related variables contributed to both the prevalence of smoking at the beginning of the pregnancy and the persistence in the habit throughout pregnancy. We found a high prevalence of smoking among the pregnant mothers. Both, conditions in the workplace, as well as the burden of housework were found to be risk factors for smoking and not quitting during pregnancy. These factors should be taken into account when developing health programs designed to encourage the incorporation of healthy habits into the lives of pregnant women.
INTRODUCTION
Smoking during pregnancy can have deleterious effects on reproductive outcomes [1] , such as delays in fetal growth and development; a contribution to later respiratory problems; neurobehavioral effects such as cognitive deficits and/or Attention Deficit/Hyperactivity Disorder (ADHD), and metabolic problems such as obesity, in the subsequent development of the child [2] . Some physiopathological pathways known to be implicated in these disorders go from functional disturbances of the placenta up to the direct and indirect toxic effect of certain components of cigarette smoke (mainly nicotine and cadmium) on the fetal brain, lungs and pancreas. In spite of this, exposure to tobacco smoke, both in the fetal period as well as in passive form during childhood, is probably one of the most common and dangerous exposures to pollution in the first years of life [3] .
Among pregnant Spanish women, smoking prevalence is high in comparison with other European countries [4, 5] . According to the health survey carried out in the Autonomous Region of Valencia in 2005, approximately 35% of women in their reproductive years were smokers [6] .
Factors such as low socioeconomic [7] or educational levels [4] , longer periods of smoking prior to becoming pregnant [4, 8, 9] , having a partner who smokes [8, 9] have all been associated with lower success rates in smoking cessation. Working women are exposed to additional factors, such as the lack of support from coworkers at the workplace, that can reduce their probability of quitting smoking. On the other hand, experiencing high physical demands such as working for long hours or lifting heavy weights; or psychological ones, such as a need to keep a high level of concentration on their tasks, which have been associated to smoking cessation, can be a cause for higher relapse rates, too [10] . To our knowledge, the influence of occupational factors over the risk of continued smoking during pregnancy has not been thoroughly studied.
The INMA (INfancia y Medio Ambiente or Childhood and the Environment) project is a multicenter cohort study based on a population sample of pregnant women [11, 12] . The objective of this work was to determine which occupational factors were associated with continued smoking during the pregnancies of the mothers participating in the INMA cohort of Valencia.
SUBJECTS AND METHODS

Study Design and Population
The Valencia INMA cohort study was started in 2003 and originally comprised 855 pregnant women from Health Service Departments 6 and 7 of the Autonomous Region of Valencia. The subjects were recruited at the end of the first trimester of their pregnancies (weeks 10 -13 of gestation) in the population based prenatal screening for congenital malformations at the University Hospital "La Fe". The Hospital La Fe Ethics Committee approved the research protocol. Women were recruited between November 2003 and June 2005, and the criteria for inclusion in the study were as follows: to be at least 16 years old, with a singleton pregnancy, not having undergone fertility treatments, to be 13 weeks pregnant or less, delivery planned to take place at the University Hospital "La Fe", and no communication handicap. The sample selection was achieved through consecutive sampling of those pregnant women who met all the aforementioned criteria, and who agreed to participate and sign an informed consent form approved by the ethics committee of the hospital. The acceptance rate was 54%. There was a larger proportion of working women and a slightly higher mean age among those included in the study than among those who rejected [13] .
After inclusion in the study, 31 women had an abortion, 4 had a fetal death, 28 withdrew, and 5 were lost to follow up, leaving 787 pregnant women who delivered a live infant. For the present study, we included a total of 787 women who completed structured questionnaires administered by trained interviewers at two points in time during pregnancy: at the end of the first trimester (range 10 -13 weeks of gestation), and in the third trimester of pregnancy (range 28 -32 weeks of gestation).
Study Variables
Outcome Variables
Information concerning the mothers' smoking habits during the pregnancy was ascertained retrospectively in the second questionnaire in the third trimester of pregnancy. Women were considered to be smokers if they smoked at the beginning of their pregnancies. Women who smoked more than 10 cigarettes per day were considered to be heavy smokers [14] . Non-cessation of smoking was defined as a mother who continued smoking until the third trimester of her pregnancy.
Explanatory Variables
The potential explanatory factors for the prevalence of smoking at the beginning of the pregnancy, and for continued smoking during pregnancy were classified into the following groups: variables related to the smoking habit; sociodemographic, socio-familiar, and socioeconomic variables. The smoking-related variables were age at which the person started smoking and the number of cigarettes per day the women smoked at the beginning of their pregnancy. The sociodemographic factors considered were age, country of origin, and area of residence (urban or semi-urban vs. rural); the father's country of origin was not included as it was highly correlated with that of the mother. The socio-familiar variables consisted of cohabitation with the child's father, whether the partner smoked, planned pregnancy, previous births, and the housework performed by the mother. Housework was divided into two categories according to the amount done and the help received in carrying it out, classified as mother who "usually did the housework" and did it "whithout or with little help", versus mother that "not usually did the housework" or did it "with quite or a lot of help". The socioeconomic variables included: educational level (primary school, secondary school, university). Occupational social class was not included because of its high correlation with educational level.
A total of 649 women were employed at any given moment of pregnancy before the third trimester, and completed a specific occupational questionnaire including: occupational exposure to physical loads and psychosocial risk. Under the rubric of occupational exposure to physical loads, heavy lifting and standing were taken into account. Women were considered to be exposed to these risks if they lifted heavy weights (>20 kg) daily and if they stood for four or more hours during the work day. An eight-item questionnaire on psychosocial risk based on the Spanish adaptation of the Copenhagen Psychosocial Questionnaire (COPSOQ) [15] was also administered. It included questions on fast working pace, constant attention, difficulties for meeting deadlines, monotonous and repetitive work, work outcomes heavily affecting co-workers, costumers and/or installations, limited decision making on tasks to be developed, and lack of social support from co-workers or supervisors). The questions consisted of rating these items on 5-level scale of intensity. Exposure to "job strain" was considered if the woman reported to be exposed to at least three psychosocial factors not related to support at work; and exposure to "job strain and social isolation" if job strain, as defined previously, was associated to lack of social support from supervisors and/or co-workers ( Table 1) .
Statistical Methods
First a descriptive analysis of the variables related to tobacco consumption and smoking persistence throughout pregnancy was carried out. The analysis of differences between smokers and non-smokers and between smokers who continued and those who quit smoking in the aforementioned variables, was carried out with the aid of logistic regression. 2 multivariate models were defined: starting with the complete model, a backward stepwise model selection was carried out in which the criterion for maintaining variables in the adjusted model was a change in the likelihood, with a p-value < 0.10. An adjusted model for mothers that reported to smoke more than 10 cigarettes per day (heavy smokers during pregnancy) was also performed. Both models, for tobacco consumption and smoking persistence, were extended by including work-related stress variables after restricting them to women who were employed at any given moment of pregnancy (n = 649). The criterion for maintain- ing work-related stress variables in the models was the same as before (likelihood ratio, with a p-value < 0.10). The presence of significant interaction terms between the variables included in the models was also explored.
RESULTS
Study Population, Smoking Habits in the Beginning of Pregnancy and Risk of Continued Smoking
A total of 787 women completed the questionnaire administered in the 32nd week of pregnancy. 38.1% of the women had never smoked, 21.0% had quitted smoking prior to pregnancy, and 40.9% were active smokers in the beginning of pregnancy. With regard to this last group, the average age for initiating smoking was 16 years and the average length of time that the women had smoked was 13.4 years. The mean age of the subjects was 30.1 years (data not shown). 87.8% of the women were of Spanish origin and 66.3% had completed secondary school or university. With regard to their employment situation, 82.5% of the women worked outside the home and 17.5% were unemployed ( Table 2) .
In the adjusted model, smoking was most common among Spanish women and those living in rural areas. Among the socio-familiar variables, doing housework with little or no help, not having planned the pregnancy, or living with a smoker significantly raised the risk of the mother being a smoker. Lower educational level showed a risk 2.5 times higher for women with a primary school education (either complete or incomplete) vs. women with a university degree. The risk was also higher for those working outside the home during pregnancy than for housewives ( Table 2) .
Analysis of Factors Associated with Smoking and Continued Smoking throughout Pregnancy among Working Women (n = 285)
The women who worked at any given moment of pregnancy with just a primary or secondary school education presented a risk of continued smoking between 2.47 and 1.97 times higher, respectively, than women with a university degree. Both increased for heavy smokers during pregnancy OR = 3.14; CI (95%) = (1.24; 7.95) and OR = 2.71; CI (95%) = (1.08; 6.75) respectively. As expected, number of cigarettes smoked per day was clearly associated with the maintenance of the habit OR = 2.73; CI (95%) = (1.55; 4.80) for consumption between 10 and a Simultaneously adjusted for all the variables included in the column; b Risk of continued smoking among smokers of ≥10 cig/day at the beginning of pregnancy. = 219; c Adjusted model also includes the variables from the previous complete data model. n or the absence of social support on the part of coworkers were risk factors for smoking at the beginning of the pregnancy ( Table 2) . In the adjusted model, lifting weights over 20 kg on a daily basis was significantly associated to smoking OR = 2.62; CI (95%) = (1.27; 5.41). For heavy smokers during pregnancy, the risk was increased OR = 3.12; CI (95%) = (1.39; 6.97). The absence of social support from coworkers increased the risk of not quitting smoking but the relationship was not significant ( Table 3) .
Physical demands in the work place were also associated in a significant manner with the persistence of smoking. Long standing showed to increase the risk OR = 1.65; IC (95%) = (1.02; 2.66), but this variable was not retained in the adjusted model. In women who performed heavy lifting of 20 kg or more on a daily basis OR = 3.04; CI (95%) = (1.02; 9.05) in the adjusted model. For heavy smokers OR = 4.15; IC (95%) = (0.88; 19.57) ( Table 2 ).
DISCUSSION
We found a high prevalence of smoking among pregnant women in our study. Physical load, specifically carry weights exceeding 20 kg in the workplace, was proved as a risk factor for both, smoking and continued smoking. The amount of housework performed by the women acted as increased the risk of smoking at the beginning of pregnancy.
Despite smoking is recognized as the most important preventable risk factor during pregnancy in various countries [16, 17] , the prevalence of active smokers at the beginning of the pregnancy found un this study was 40.9%, higher even than the percentage found in previous Spanish studies such as that conducted by Palma, et al., who analyzed the incidence of smoking among Spanish women in the Autonomous Region of Cantabria between 1998 and 2002 and the associated variables [4] . Those researchers observed that the prevalence of smoking decreased during the period of the study, although the percentage of women who quit smoking was much less (20.6% in 2002) than that found in our study (43.8%), as was the reduction of cigarettes per day in those who continued to smoke (48.7% vs. 69.8%). These data are in agreement with those from other studies carried out in Spain [18] . Women who lived in a non-urban environment exhibited a higher prevalence of smoking, probably due to their different life-style. In other studies, this observation has been associated with the fact that rural women are subject to a higher degree of stress [19] .
The results of the few studies that exist about the association between physical work load and both smoking and continued smoking are inconclusive [10, [20] [21] [22] . Nevertheless, several previous studies have observed some type of association between physical work load and continued smoking [21, 22] . One possible explanation that has been offered for the relation between the physical work load and continued smoking suggests that smoking provides an excuse for taking the breaks required in physically demanding jobs. Furthermore, tobacco may serve as a physical stimulant in this type of work [10, 20] . Moreover, the physical work load could be understood as a causative condition for work-related stress, the relation of which to smoking has been documented with compeling evidence [10] .
Social support in general or social participation has been related positively to the ability to quit smoking and negatively to the amount of cigarettes smoked. However, the results regarding the relation of social support in the workplace with smoking are inconclusive [10] . It is worth noting that not all studies on the influence of work conditions on smoking have taken into account the role of social support within the workplace. It is more usual that this factor be considered as a resource within a program organized within the workplace to help smokers quit.
In this study, conditions in the workplace (specifically heavy lifting) proved to be risk factors for smoking and for continued smoking during pregnancy and the amount of housework performed by the women acted as a risk factor for smoking. If casual, the observed associations should be taken into account when elaborating public health programs aimed at encouraging healthy habits during pregnancy, such as cessation of habits involving toxic substances, including tobacco [4] and the promotion of healthier workplace and home environments for pregnant women. Health promotion strategies should be integrated with interventions targeted to reduce job strain. Such programs should begin from childhood to keep girls from smoking before the onset of puberty, which is the age of highest risk for smoking initiation [23, 24] .
Limitations
One of the limitations of the study derives from the response rate (54%) among the women who were invited to participate which may limit the generalizability of our results. The global prevalence of women who smoked during pregnancy in the health areas corresponding to our study was around 20%, lower than that found in our study, although the instant of reference was not specified in this questionnaire [25] .
The self-reporting of the number of cigarettes smoked per day by the subjects is considered to be fairly reliable [26] . To evaluate the validity of smoking information from the questionnaire, urine samples from 708 women at week 32 of pregnancy were analysed for total cotinine. Urinary cotinine levels of smokers were extremely higher than those of non-smokers [27] .
Although several confounding factors have been taken into account, other potential factors such as the presence of other stressors at home might influence the results. Smoking habits of cohabitants and/or friends were not included in the analysis because of doubts about causality.
Fageström test for nicotine dependence was not used nor did the test about motivation for smoking-cessation (Richmond test). The number of cigarettes smoked per day is a face valid measure of dependence on nicotine [28] . Motivation was not evaluated with the purpose to not skew the study.
